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.£> Enzymatic hydroxylation process for the preparation of HMG-COA reductase inhibitors and 
intermediates thereof. 

.£) An enzymatic hydroxylation process tor the preparation of compounds useful as HMG-CoA reductase 
inhibitors and/or as intermediates in the preparation of HMG-CoA reductase inhibitors uses a microorganism or 
an enzyme derived from, or having the structure of an enzyme derived from, said microorganism, wmch is 
capable of catalyzing the nvarcxyiatior, process. 
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The present invention relates to an enzymatic hydroxylation process for the preparation ot compounds 
useful as HMG-CoA reductase mooters anao' as intermediates in the preparation of HMG-CoA reductase 
inhibitors. 

Tne present invention provides a method for the preparation of a compound ot the formula !: 



o z 

- H T 



(I) 



its partially or completely hydrogenated analogs or a salt thereof, wherein 
20 R is alky! or aryl; 

Z is the open chain moiety 



CH 2 



CH 



CH 2 



COOR 2 
OH 



CH 2 



or 

35 the lactone 




CH, 



so and 

R : is hydrogen, alky;, ammonium alky-ammonium or alkali metal; 
comprising the step of contacting a compounc of the formula II: 



2 




a partially or completely hyarogenated anaiog or a salt thereol, wherein R, Z and R 2 are as defined for 
75 formula I, with a microorganism, or with an enzyme derived from, or having the structure of an enzyme 
derived from said microorganism, whicn is capable of catalyzing the hydroxylation of said compound of the 
formula II to yield said compound of the formula I. and effecting said hyaroxylation; 

where said microorganism is selected from the genera Nocardia, Amycolata, Saccharopoiyspora, 
Streptomyces, Amyco/atopsis, Saccharothrix or GilberteHa, provided that when the compound of formula 
20 II is compactin, the microorganism is not Amycolata, Nocardia or Streptomyces. 

The enzymatic hydroxylation process of the present invention provides an efficient means for obtaining 
compounds of the formula I, wnich may themselves exhibit HMG-CoA reductase inhibitory activity, and/or 
which may be used as intermediates in the preparation of other HMG-CoA reductase inhibitors. Reduction 
or elimination of by-products may be achieved by employing the hydroxylation method of the present 
25 invention, which method may also be conductec under mild reaction conditions. 
The method of the present invention is described further as follows. 

Definitions 

30 The terms "enzymatic process" or "enzymatic method" as used herein denote a process or method 
employing an enzyme or microorganism. 

The term "alkyl" as used herein, alone or as pari of another group, denotes both straight and branched 
chain, optionally substituted hydrocarbons containing 1 to 12 carbons in the normal chain, preferably 1 tc 6 
carbons, such as methyi, ethyl, propyl, isopropyl, butyl, t-butyl, isobutyl, penty:, hexyl, isohexyl, heptyl, 4,4- 

35 dimethyipentyl, octyl, 2,2.4-trimethyl-pentyl, nonyl, decyl, undecyl, dodecyl. the various branched chain 
isomers thereof, and the like. Exemplary substituents may include one or more groups selectee from the 
following: halo (especially chloro), trihalomethyl, alkoxy (for example, wnere two alkoxy substituents form an 
acetal). aryl such as unsubstituted aryl (e.g.. phenyl), alkyl-aryl or haloaryl. cycloalkyl such as unsubstituted 
cycloalkyl or alkyl-cycloalkyf. hydroxy or protectee hydroxy, carboxyi, alkyloxycarbony>. alkylamino, dial- 

40 kylammo such as dimethylamino. alkylcarbonylamino such as acetylammo, amino, arylcarbonylaminc, nitro, 
cyano, thiol, or alkylthio. Preferrec alkyl substituents are hydroxy groups. 

The term "alkenyl" as employed herein, aione or as part of another group, denotes optionally 
substituted straight or brancnec chain hycrocarbon groups as described above for akyl, furtner containing 
at least one carbon to carbon double bond 

4b The term "cycloalkyl" as employed herein, aione or as par of another group, denotes ar optionally 
substituted, saturateo homocyclic carbon ring system, preferably containing from 1 to 3 rings and from 3 tc 
12. preferably from 3 to 8. carbons per homocyclic ring, such as cyciopropy., cyclooutyi. cyclopentyl. 
cyclohexyl. cycloneptyl. cyciooctyl. cyclodecyl. cyclododecyl, and adamantyl Exemplary optional sub- 
stituents include one or more alky ; groups as descrioed above, or one or more of those groups aescribed 

so above as alkyl substituents. 

The term "aryl" as used nerein denotes monocyclic or bicyclic substitutec or unsubstitutec aromatic 
groups containing from 6 to 12 carbons ir. trie -ing portion, such as phenyl, biphenyl. naphthyl. substituted 
phenyl, substituted biphenyl or substituted naphthyl Exemplary substituents (preferaDiy three or fewer) 
include one or more of the following grouos: alkyl such as unsubstituted alky., haloalkyl or cyclcalkylalkyl. 

sr. naicaen. alkoxy such as unsubstituteri aH-ovy r haioalkcxy. nycroxy, a r y\ such as pnenyl rr ha'Ophenyt. 
aryloxy such as ohenoxv. akvicaroonvicxy o r arovoxy. allyl cvclcakvl. alky. amino, dialkyiaminc. amide 
such as alkyica'bonyiaminc Q' a'yicarconviaminc. amine, nitro. cyano. akenyi thioi. akylcarbonyl. or 
aryica'bonyl or netnylenedioxy where The methylene group may be substituted fc> lower akyl group;s; 
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(that ;s. alky! groups as aescribed aoove having 1 to 6 carbon atoms), arylalkenyl group(s), and/or alKylthio 
group(s). 

The terms "halo" or "halogen" as used herein denote chlorine, fluorine, bromine or iodine. 

The term "salt(s)" as employed serein refers tc acidic and, or basic salts formed witn inorganic and/or 
5 organic bases. The nontoxic, pharmaceutical^ acceptable salts are prelerred. Exemplary pharmaceutical^ 
acceptable salts mcluae these formed from cations sucn as sodium, potassium, aluminum, calcium, lithium, 
magnesium zinc and tetramethyiammonium as well as those salts formed from amines such as ammonia, 
ethylene-diamine, N-methyiglucamine. lysine, arginme, ornithine, choline. N,N*-dibenzylethylenediamine. 
chloroprocame, diethanoiamine, procaine. N-benzylpnenethylamme. 1 -p-chlorobenzyl-2-pyrrolidine-1'-yl- 
<o methylbenzimidazoie. diothylamine. piperazine and tns(hydroxymethyl)-arninomethane. 

The term "pnarmaceutically acceptable cation" denotes a positive counterion forming a pnarmaceuti- 
cally acceptable salt, such as those described above. 

The term "ATCC" as used herein refers tc the accession number of the American Type Culture 
Collection, 12301 ParKlawn Drive, Rockville. Maryland 20852, an organism depository. 

Starting Materials 

Compounds of the formula II to be employed in the hydroxyiation method of the present invention may 
be obtained by methods known to the skilled artisan. Such compounds are disclosed, for example, in U.S. . 
20 Patent Nc. 4,450,171 . 

Preferred Compounds 

Compounds of the formula I having the following formula la are preferred; 




4b its partially or completely hydrogenated analogs or alkali metal salts thereof, wnerein R is alkyl and R : is as 
defined in formula I. 

A oarticularly preferred example is: 



so 



4 
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CH 




OH 



CH 3 



Methyl Pravastatin 

its partially or completely hydrogenated analogs or alkali metal salts thereof. 

Compounds of the formula II having the following formula lia are preferred for use as the starting 
material: 



30 




COOR. 



:ila) 



its partially or completely hyorogenated analogs or aJkai meta, salts thereof, wherein R is alky! anc R : is as 
45 definec in formula II A particularly preferred example ts 



50 
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CH 



CH 2 



H 3 C< X .C 



H,C* 1 



0 H 



OH 



CH 2 ^OH 
CH 
I 

CH 2 



/ 

CH 3 f ^vL^Y' 



,CH 3 



Methyl Compactin 

its partially or completely hydrogenated analogs or alkali metal salts thereof. 

Compounds of the formula I. or any compound described herein, in which one or more of the double 
bonds ts aDsent, may be obtained by nyarogenatmg the corresponding compound in wmch such bonds are 
present according to methods known to the skilled artisan 

Any of the products of the present method may be isolated and purified by known methodologies such 
as by filtering off cells or cellular materials where appropriate, extraction, crystallization, thin layer or column 
chromatography, high performance liquid chromatography and the like. 

The above structures shown for methyl compactin and methyl pravastatin are referred to herein as the 
acid form of these compounds. Where the carooxyl group of these compounds is in the alkali metal salt 
form, the compounds are referred to herein as the salt form. 

As discussed below, the use of an aqueous medium is preferred in conducting the hydroxylation 
method of the present invention. It is therefore preferred to prepare, or to employ as starling materials, 
those compounds in which Z is the open chain moiety as defined above since such compounds are 
relatively more water soluble than the corresponding compounds in which Z is a lactone moiety. 
Compounds of the formula II in which Z is a lactone moiety may, for example, be hydrclyzec to the open 
chain form prior to use in the orocess of the present invention. 

Enzymes and Microorganisms 

The enzyme or microorganism employee in the method of the present invention may be any enzyme or 
microorganism, regardless of origin or purity, having the aoility to catalyze the conversion as described 
herein. Genera of microorganisms suitaoie as sources of catalyzing enzymes include Nocardia. Amycoiata, 
Saccharopolyspora. Streptomyces, Amycoiatopsis. Saccharochrix or Gilbenetta. 

Exemplary species suitaoie for use in the present invention include Amycoiata autotrophica such as 
ATCC 35204, Strepwmyces californicus such as ATCC 15436, Amycolatopsis mediterranei such as 
ATCC 21411, Saccharochrix austraiensis such as ATCC 31497, Gilberrella oerstcana sucn as ATCC 
38591 Saccharopolyspora nirsura such as ATCC 27875. 27876 or 20501. Saccharopolyspora eryxhraea 
such as ATCC 1 1635. ana the like. Particularly preferred are Amycoiata autotrophica such as ATCC 
35204 and Saccharopolyspora hirsuta such as ATCC 20501 

With respect to the use of microorganisms, the method of the present invention may be carried out 
using any microbial cellular material having the aDiiity to catalyze the conversion as descrioeC herein. The 
cells may be usee in the form of intac: wet cells or dried cells such as iyophihzed. SDray-dnec or heat-cried 
cells. Cells may also be used in the form of treatec cei: materia; such as ruotured cells or cell extracts. The 
celis o' cellula' materials. ?uch as isolated fungal mvcelia may be ^mplnyed n the f-ee state or 
immcbiiized on a sjpport such as by physical adsorption or entrapment. One or more species of 
rrvcroorcamsm may be employee when carrying out the instant process. 
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The metnoc of the present invention may be carried out sjDsequent to the growth of the 
microorganisms employed, for example, by growing the microorganism^) either in the presence or 
absence of a compound of the formula II starting material, harvesting anc, preferably, washing (e.g.. with 
water) the microoial materials, and tnen contacting the microbial materials ootamed with the comoound of 
5 the formula I! starting material. The method of the present invention may aisc be carried out by in situ 
fermentation and reaction, tnat is, reaction in the presence of actively growing microorganisms. 

The reaction may be conducted under quiescent (static.) conditions, or by employing agitation, Agitation, 
such as shake-flask culture or aeration and agitation, is preferably employee when the compound of the 
formula II starting material is added to actively growing cultures. In such cases, an anti-foaming agent may 
10 be employed. 

The growth of microorganisms may be achieved by the skilled artisan, for example, by the use of ar 

appropriate medium containing nutrients such as caroon ana nitrogen sources and trace elements. 

Exemplary assimilable carbon sources include glucose, glycerol, maltose, dextrin, starch, lactose, sucrose. 

molasses, soyDear, oil, cottor seed oil, etc. Exemplary assimilable nitrogen sources include soyoean meal, 
75 peanut meal, cotton seed meal, fish meal, corn steep liquor, peptone, rice bran, meat extract, yeast, yeast 

extract, sodium nitrate, ammonium nitrate, ammonium sulfate, etc. Inorganic salts such as sodium chloride, 

phosphates, calcium carbonate, etc.. may be addea to the culture medium. A minor amount of a metai salt 

or heavy metal may also be added. 

The same or different media may be employed at various stages of the growth of the microorganisms. 
20 Preferred media for the growth of microorganisms are those described in the examples herein, which media 

may be employed for the growth of any microorganism employed in the method of the present invention. 
Enzymes, when employed, are preferably derived from the aforementioned microorganisms, or they 

may be synthetically or otherwise prepared. For example, they may be derived from genetically engineered 

host cells. The use of the genetically engineered host cells themselves, or cells which have otherwise been 
25 modified, is also contemplated where such cells are capable of producing enzymes having the structure of 

enzymes denvec from the above recited genera of microorganisms. 

Reaction Conditions 

30 The method of the present invention may be conducted in an aqueous medium, such as a buffered 
aqueous medium. The aqueous phase is conveniently water, preferably deionized water, or a suitable 
aqueous buffer solution, especially a phosphate buffer solution. Use of an aqueous medium is preferred for 
the present hydroxylation method. 

The reaction in the present invention may also be conducted in an organic medium or in a medium 

35 which is a mixture of an organic medium and an aqueous medium. Use of an organic or organic-aqueous 
medium may enhance soiuoiiization of the less water soluble compounds of the formula II starting materials, 
such as those where Z is a lactone moiety Less water soluble starting materials may, for example, be 
dissolved in an organic solvent sucn as methyl or ethyl alcohol, and the solution added to an aqueous 
medium for conversion. Liquids forming such organic media may be immiscible in water or, preferably, may 

40 be miscible in water. Exemplary organic media include toluene, hexane. benzene, acetone, aimethylsulfox- 
ide. cyclohexane, xylene, trichlorotnfluoroethane. alkanols such as methyl or ethyl alcohol or butanoi. and 
the like. 

It is preferred that the starting material is dissolved, for example, in water or an alcohol, prior tc addition 
to the reaction medium. 

45 The taction medium preferably contains between about 0.5 to about 3 mg of a compound of the 

formuic II starting compound oer ml of liquid medium. The pH of the reaction medium is preferaoly between 
about 6.0 and aoout 7.5. 

To carry out the hydroxylation reaction of the present invention, water or an organic alcohol, for 
example, ar alkanoi such as methyl or ethyl alconol. may be added. It is preferred to employ these 
so materials in an amount providing a moiar excess, preferably a large molar excess, based on the compound 
of formula II starting material. 

The amount of microbial cells added where employed in the present process, is preferaoly an amount 
ranginc from aocut 10 tc about 1000 mg per mg of the compound of formula II starting material. The 
amount of enzyme acded wnere employed m the present process, is preferably an amount ranging from 
if about 1 tc about 100 mc per mg of 'he compound ?f formula II s'artmg matena!. 

Tne reactor, medium is pretecaoiy he-d at a tenoeratuie between aoout 2" and 40 * C. anc is mcst 
preferaolv held between aocut 28 and about 34 e C. Tne reaction time can Pe appropriately variec 
aeoencng upon the amount cf enzyme procuced Dy the microbial cel;s. o: used oer se and its specific 
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activity. Typical reaction tines are between aoout 2.5 hours and aoout 72 hours. Reaction times may be 
reduced by increasing ;he reaction temperature and'or increasing the amount of enzyme added to the 
reaction solution. 



5 Preparation of HMG-CoA Reductase Inhibitors 

HMG-CoA reductase f3-hydroxy-3-methylgiutaryl coenzyme A reductase EC 1.1.1.34) is a key enzyme 
in cnolesteroi Diosynthesis. Inhibitors of this enzyme find utility as antichoiesterolemic agents, that is, in 
lowering or maintaining plasma cholesterol levels. In addition to the treatment anc prevention of nyper- 

io cholesterolemia, HMG-CoA reductase mnibitors find utility in the treatment and prevention of atherosclero- 
sis, hyperhpoproteinaemia. and'or hyperhpidemia. 

Compounds of the formula II described above may themselves exhibit HMG-CoA reductase inhibiting 
activity (e.g.. methyl compacting and'or may be employed as intermediates in the preparation of otner 
compounds naving HMG-CoA reauctase mnibitmg activity. In the latter case, the present invention further 

^5 provides a method wherein hydroxylation is conducted according to the aDove-describec method of the 
present invention and, subsequently, the hydroxylated product so formed is employed in the preparation of 
an HMG-CoA reductase inhibitor (e.g., groups are deprotocted. addec or otherwise modified thereon). 
Preferably, the inhibitor so prepared has enhanced HMG-CoA reductase inhibiting activity relative to any 
such activity the hydroxylated product from which it is prepared may possess. 

20 HMG-CoA reductase inhibitors obtained according tc the method of the present invention may. for 
example, be administered to mammals, particularly humans, by modes and in dosages selected according 
to methods known to the skilled artisan. 

A particularly preferred method for the preparation of an HMG-CoA reauctase inhibitor of the present 
invention is that comprising the steps of: 

25 (A) hydroxylating a compound of the formula Ha , wherein R is 

CH 2 

H 3 C C 

H 3 C^ 1 

CH 3 



and R : is H. or a salt thereof with Amycolata autotrophics (ATCC 35204) or Saccharopolyspora hirsuta 
3b subspecies kobensis (ATCC 20501) to yield methyi pravastatin having the structure: 




or the slkan metai. especially sodium or lithium salt thereo* 
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The following Examples illustrate oreferrec embodiments of the present invention, and are no: intendec 
to limit the scope or spirit of the instant claims, ^he components of tne media employee in these Examples 
are as follows. 



Medium 



Media CampQsiLiQns 



F7 



malt extract 10 g/L, yeast extract 
10 g/L, peptone 1 g/L, dextrose 20 
g/L, distilled water to one liter, 
pH adjusted to 7.0 before 
sterilization by autoclaving 



K28 



20 



Pharmamedia 25 g/L, cerelose 69 g/L, 
CaC0 3 9 g/L, K 2 HP0 4 0.1 g/L, tap 
water to one liter, pH adjusted to 
6.8 - 7.0 before sterilization by 
autoclaving 



F4 



tryptone 5 g/L, malt extract 3 g/L, 
glucose 10 g/L, yeast extract 3 g/L, 
distilled water to one liter, 
sterilize in autoclave 



F46 



glycerol 10 g/L, maltose 40 g/L, 
toasted Nutnsoy flour 30 g/L, 
peptone 10 g/L, spray dried corn 
steep liquor 10 g/L, MgS0 4 -7H 2 0 0.5 
g/L, tap water to one liter, pH 
adjusted to 5.3 before sterilization 
by autoclaving 



9 



EP 0 649 907 A1 

Ml24 cerelose 10 g/L, MZ Amine E 15 g/L, 

yeasc extract 10 g/L, NaCl 5 g/L, 
CaC03 1 g/L. tap water to one liter, 
pH adjusted to 6.8 - 7.0 before 
sterilization by autoclavmg 

Mueller- beef infusion 3 00 g/L, casamino 

Hinton acids, technical 17.5 g/L, starch 

BroC h 1.5 g/L, suspended in one liter 

(Difco brand) distilled or deionized water and 
heated to boiling to dissolve 
completely, final pH 7 . 4 

Trypticase trypticase peptone 17 g/L, phytone 

Soy Broth, peptone 3 g/L, NaCl 5 g/L, K 2 HP0 4 

BBL brand 2.5 g/L, dextrose 2.5 g/L, distilled 

water to one liter, sterilize in 

autoclave 



30 yl7 yeast nitrogen base 6.7 g/L, glucose 

50 g/L, Sigma adenine HCl 0.09 g/L, 
Sigma 1-tyrosine 0.06 g/L, heat to 

35 boil and mix Difco casamino acids 2 

g/L, agar 20 g/L, distilled water to 
one liter, sterilize in autoclave 

40 

Example 1 

One frozen vial of Amycotata autotrophics (ATCC 35204) and one frozen vial ot Saccharopolyspora 
45 hirsuta subspecies kobensts (ATCC 20501) were tnawed anc used to inoculate separate 500 ml flasks 
containing 100 ml each of medium F4. Each flask was placed or. a shaker at approximately 280 rpm, at 
25 ' C, and shaKen for 72 hours. Aliquots of 2.5 ml apiece of the 72 hour A. autotrophics culture broth were 
used to inoculate six 250 ml flasks containing 5C mi of medium F7 and six 250 mi flasks containing 50 mi of 
medium K26. Similarly aliquots of 2.5 ml aDiece of the T 2 hour 5. hirsuta culture broth were used to 
so inoculate six 250 ml flasks containing 50 ml of medium FT and six 250 ml flasks containing 50 ml of 
medium K28. Accordingly, there were 24 flasks in total. All 24 flasks were placed on a shaker anc shaken at 
approximately 280 rpm at 25 * C 

After 24 hours of shaking. 1 ml of filter-sterilized 5 mg ml methyl comoactm salt solution was aaded 
aseptically to three FT flasKS and three K28 flasKS of eacn culture. 'Salt solution was prepared + rom the 
;■):■ lactone ny dissolving the lactonF in a minimal vmump of etr.anoi. adding anon: '5 m; cf Aater [which 
procuces some precioitate]. adiustng the oH tc aoout 11.3. incubating in a 65 ' C wateroath until the 
precipitate dissolved, arc carefully bringing the pH aown tc 7.5. Distilled water was added tc bring the 
caicuiatec concentration to 5 mg mi.-' T*c r.ew flasKS were adoed at this oomt, as one uninocjlated fiask cf 



1C 
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each medium was dosed with the salt to control for non-biological modifications. These flasks henceforth 

were treated the same as the inoculated flasks. 

Similarly, a sterile 500+ ug/mi dose of compactin was added to three F7 and thrse K28 flasks of each 

culture. Twc new flasks were added, as one jninoculated flask ct each medium was also dosed with 
5 compactin. (The purpose of tne inoculated compactin flasks was to serve as positive controls, showing that 

hydroxyiation of compactin was occurring normally. Tne uninoculated flasks served as controls for possible 

nonoiological alterations of substrate.) 

ShaKing was resumed for an additional 24 hours. All flasks then received a second dose of the same 

salt with which they had been dosed previously. Shaking was again resumed for 24 hours, following which 
70 eight flasKs were harvested (at time T<). including one for each culture-medium-substrate combination. The 

broths from the harvested flasks were submittec for assay of substrate and hyaroxylated product. 

Following an additional 24 hours of shaking, the remaining 20 flasks were narvested (at time T;). 

including 10 methy! compactin salt samples and 10 compactin samples. The broths were submitted for 

appropriate substrate-product assay. 
75 The results are snown below 



Culture 


Medium 


Compactin (w.g/9) 


Pravastatin iug/g) 


T: 


T 2 


T 2 


T- 


T? 


T: 


A.autotrophica 


F7 


8.4 


0 


0 


474 


475 


503 




K28 


4.6 


0 


0 


470 


575 


512 


















S.hirsuta 


F7 


842 


127 


122 


347 


775 


753 




K28 


412 


0 


0 


675 


750 


762 


















None (control) 


F7 




1857 






0 






K28 




1806 






0 





Culture 


Medium 


Methyl Compactin (ug/g) 


Methyl Pravastatin (iLQ/g) 


Ti 


T 2 


T : 


T1 


T 2 


T: 


A.autorrophica 


FT 0 


0 


0 


57.9 


56.4 


554 




K28 


0 


0 


0 


59.8 


62.4 


66.7 


















S.hirsuta 


FT 


1.7 


0 


0 


71.5 


77.1 


82.9 




K28 3.1 


0 


0 


58.9 


63.3 


63.8 


















None (Control) 


F7 j - 


96.5 






0 






K28 


90.2 






0 





EXAMPLE 2 

One frozen vial of Saccnaraooiyspora hirsute subspecies Kobensis (ATCC 20501) was thawed anc 

^ usee to inoculate 5 50C ml flask containing 100 mi o' medium F4 The flask was rria-.ac cn a shake- at 
app'cxmate'v 280 rom. at 25 " C anc shaken tor "2 hou-s. 

Aiiquots of the "2 hou- orctn were usee to inoculate two 250 ml flasks containing 45 mi of medium K28 
~hs two tlasKS were p.aced on a sr.aKer and shaken at aoproximateiv 280 rprr at 25 ' C 
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After 24 hours of shaking, methyl compactin salt was dissolved in water to provide a solution wnich was 
filter-steniized. A oonion of this solution was addec to one of the K28 flasks. Six hours later, ar identical 
portion was added to the same flask. The second K28 flask alsc received a portion as did a third 
uninoculated K2B flask. All three flasKs were placed on the shaker anc shaking 'esumed for 18 hours 

The first flask then received a third dose Six hours later, the first flask received a fourth {and final) 
aose; the second flask received a seconc (and final) dose; and the unmocuiatec flask received a second 
(and final) dcse. 

Following an additional 42 hours of shaking, the three flasks were harvested and all of the oroths were 
submitted for assay of methyl compactin and methyl pravastatin. The results are shown below: 



Sample 


Methyl Compactin (jxg/g) 


Methyl pravastatin (*ig/g) 


Fiask 1 


0 


284.8 


Flask 2 


0 


251.5 


No-cells control 


418.6 


0 



EXAMPLE 3 

One frozen vial each of Amycoiata autotrophica (ATCC 35204), Streptomyces californicus (ATCC 
15436), Amycoiata hydrocarbonoxydans (ATCC 15104), Amycoiata mediterranei (ATCC 2U11), 
Amycolatopsis fastidiosa (ATCC 31181) and Saccharopoiyspora hirsuta subspecies kobensis (ATCC 
20501) were thawed and used to inoculate 500 mi germinator flasks containing 100 ml of medium F7. All 
flasks were placea on a shaker at approximately 280 rpm, at 25 * C, and shaken for 72 hours. 

10 ml aliquots from each germinator flask were used to inoculate separate flasks each containing 120 
mi of medium K28. All flasks were then returned to the shaker. 

After 24 hours, 500 ug/ml of filter sterilized compactin (acid form) was added to each fiask. Again the 
flasks were returned tc the shaker. 

24 hours later, 15 ml aliquots were removed from each flask and frozen for later assay (T: ). A second 
500 ug/ml dose of sterile acid-form compactin was added to each flask and the flasks were returned tc the 
shaker. 

24 hours after that, a second 15 ml aliquot sample was removed from each flask and frozen lor later 
assay (T-): and 24 hours after that, a final 15 mi aliquot was removed from eacn flask and frozen for later 
assay (T 3 ). 

All samples were thawed and submitted for assay. The results are shown in the tables beiow: 



40 



Culture 


T- 




Comoactm 


Pravastatin 


Conversion 








A. hydrocarbonoxydans 


439 


0 




A. mediterranei 


21 


142 

I 


28% 


A. fastidiosa 


376 


0 




S.nirsuta 


40 


201 


40% 


Controls: 








. — — 1 

A.autotroDhica 


, 

68 


-10 


22% 


S.califomcus 


0 


"5 


15% 
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Culture 


T; 


Compactin 


Pravastatin 


Conversion 










A. hydrocarbonoxyaans 


767 


0 


- 


A.mediterranei 


15 


282 


28% 


A.fastidiosa 


191 


0 




S.hirsuta 


19 


399 


40 c c 


Controls: 


A.auiotrophica 


Trace 


293 


29% 


S caiifornicus 


0 


167 


17% 



Culture 


T 3 


Compactin 


Pravastatin 


Conversion 










A. hydrocarbonoxyaans 


812 


0 




A.mediterranei 


21 


290 


29% 


A.fastidiosa 


711 


0 




S.hirsuta 


Trace 


394 


39% 


Controls: 


A.autotrophica 


3 


276 


28% 


S.californicus 


2 


157 


16% 



EXAMPLE 4 

46-hour cultures of Saccharopolyspora hirsuta subspecies kobensis (ATCC 20501) (grown at 28 ■ C) 
and Amycolata autotrophica {ATCC 35204) (grown at 25 "O were used to inoculate flasks of various 
40 media (50 ml media'250 ml flask). 5 ml of mnoculum were used pe r flask. 

5. hirsuta was mocuiatec into two separate flasks of each of tne following media: F7, F46, K28, M124. 
Mueller Hinton, trypticase soy broth (TSB'j and Y17. One flask of each medium was placed on a shaker at 
approximately 280 rpm. at 25 °C. and another flask of each medium was piacea on a shaker at 
approximately 280 rpm, at 28 e C. An aaditional flask each of F7 medium and K28 medium was inoculated 
45 and placed in a water bath shaker at 32 * C. 

A. autotrophica was inoculated into twc separate flasks eacn of F7 medium and K28 medium. One 
inoculated flask of each medium was placed on a shaker at aDproximately 28C rpm.. at 25 * C, and one 
inoculated flask of each medium was placed on a shaker at approximately 280 rpm at 28" C. 

After 24 hours a 500 ug-g dose of filter steriiizec compactin (acid form) was added to each flask. The 
so flasks were returned to tne snakers at the same temperature. 

24 hours later, a 10 ml aliquot was removeC from each flask and frozen for late r assay (T- ). A seconc 
500 ag-g dose of sterile acid-form compactin was added to eacn flasK and the flasks were again returned tc 
the shakers at the same temperature. 

After an additiona. 48 hours, a seconc 1C mi aliquot was taken (T ; ). The T- samples were thawed anc 
submitted witn the T t samples for assay The results are shewn in *he tahle b^low 
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5. hinutm 
MtdiuB/Ttap . °C 


Tl 

(frozen and 
thawed) 




Compact in 


Pravastatin 


Conversion 










F7/25° 


432 


40 


8% 


F7/28° 


154 


168 


34% 


F7/32° 


450 


43 


9% 


F46/25° 


516 


10 


2% 


F46/26° 


494 


17 


3% 


K28/25* 


179 


147 


29% 


K28/28° 


105 


184 


37% 


K28/32° 


211 


100 


20% 





180 


139 


28% 


M124/28' 


103 


191 


3 8% 


Mueller-Hinton/2 5* 


496 


38 


8% 


Hueller-Hinton/2 8° 


402 


43 


9% 


TSB/2 5* 


358 


74 


15% 


TSB/28° 


211 


163 


33% 


Y17/25 0 


605 


0 




Y17/28* 


533 


0 




A. autotrophs era 

(control) F7/25° 


334 


51 


10% 


A. aucotrophica 
(control) F7/28° 


111 


108 


22% 


A. autotrophic* 
(control) K28/25' 


242 


79 


16% 


A • autotrophic* 

(control ) 
K2B/28 - 


60 


127 


25% 
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3. hirmutm 










l«diUB/T«BP . °c 


TQ 


(not 


frozen) 






Compact in 


Pravastatin 


Conversion 














F7/25* 


65 


452 


45% 


10 


F7/28 0 


Trace 


550 


55% 




F7/3 2' 


Trace 


570 


57% 




F46/25 0 


965 


0 


- 


75 


F 4 6/28° 


999 


0 


- 




K28/25° 


0 


405 


41% 




K28/28° 


0 


405 


41% 


20 


K28/32* 


5 


286 


29% 


M124/25 0 


233 


323 


32% 




M124/28* 


2B6 


303 


30% 


25 


Mueller-Hinton/2 5* 


827 


121 


12% 


Mueller-Hinton/2 8* 


716 


81 


8% 




TSB/25° 


465 


238 


24% 




TSB/28° 


363 


289 


29% 


30 


Y17/25* 


1086 


0 






Y17/28° 


881 


0 


- 


35 


A. autotrophic* 

(control* F7/25° 


Trace 


266 


27% 




A. autotrophic* 


0 


220 


22% 




( control 1 F7/28° 








40 


A. autotroph! ca 
K28/25* 


2 


266 


27% 




A. autotrophic* 


Trace 


257 


25% 


4b 


(control) K28/28° 
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5. hlrsuta 
Medium/ Temp • u 


n n +■ 4 a *pO 
KlLlO , 14 

r I A V B 1 U • U ^ U • 

all othar 

product a 






TT*7 / *) C ° 

r / / z D 


19 . 0 : 1 


p-7 / 9 Q° 

r / / £ o 


13.2 : 1 


r*7 / 7 9° 

r / / J z 


13.3 : 1 


r id / ^ j 


0.3 : 1 


r 40/ to 


0.4 : 1 




15.7 : 1 


tf T Q / 9 R° 


10.0 : 1 


9° 


10.1 : 1 




8.4:1 




9.2 : 1 


Mueller-Hinton/25° 


3.9 : 1 


MueiJ.er-nint.on/ 


4.6:1 


TSB/25° 


4.8:1 


TSB / 2 8 




Y17/25° 




Y17 /2B° 




A. autotrophica 
F7 /25° 


4.2 : I 


A. autotrophica 
(control) F7/28° 


5.4 : 1 


A. aucotrophica 

(control) K28/25 0 


4.4 : 1 


A. autotrophics 
(control) K28/28 0 


4.5 : 1 







EXAMPLE 5 

57-nour cultures of various microorganisms grown in F4 necium at 25 # Z were used to inoculate 250 
m, flasks cnntairnj 50 ml of medium F~ a-id 250 ml 'iasK^ remaining 50 mi of mnjium, K2S 5 ml cf 
mocjiurr were used pe- tlasK 'he organisms usee: were CsHuiomonas celiuians (ATCC :283C) Oer- 
skovia xanth/neoiytica (ATCC 274C2), Promicromonospora cttrea >ATCC 15908 Saccharomonospora 
vindis (ATCC 15736). Saccharapoiyspora nirsuta ( ATCC 2^375i Saccharotnnx ausfalensis iATCC 
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3^497) anc Streptomyces haisredii <ATCC 13449). Saccharomonospora viridis and S. hirsuta (ATCC 
27875) conversion flasKS were placed on a shaker at approximately 280 rom at 28 * C; the other cultures 
were Diaced on a shaker at approximately 280 rpm, at 25 • C A Saccharopolysporoa hirsuta subspecies 
kobensis (ATCC 20501 ) control was used tor both 25 * C and 28 * C 
s After 24 hours, a 500 ug/g dose of compactin was added to eacn flaSK. 

24 hours later, a second 500 ug/g dose of compactin was added to eacn flask. 

After 96 hours, a 15 ml aliquot was taken from each flask anc frozen at -50* C for later assay 

The samples were thawed and submitted for assay The results are shown in the taole below: 

10 



75 



20 



2b 



30 



■J5 



40 



45 
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Culture/ 


Temp . 


Compactin 


Pravastat in 


Conversion 


Ratio 


5 


Mad i una 










Prava- 
statin : 
by- 
products 


10 


C. eellulans 

in 


2S*C 


1107 


0 


- 






C. eellulans 


25°C 


1072 


0 




— 


75 


'K28 














oerakovis 


25°C 


1116 


0 


- 


- 




xmttiinmolyt . 


























20 


Ovrakovis 
x*nthin*clyz . 
/K2 8 


25°C 


686 


0 


- 


- 


25 


Promi cto . 
ci tr»a/F7 


25°C 


1119 


0 


- 


- 




Promi cro . 


25*C 


1309 


0 








ci tr«a/K28 












30 


Sacc^aro- 
thrijc 
austral . /F7 


25°C 


63 


478 


43% 


3.1 : 1 


35 


Sacciiaro- 
austral . /K28 


25°C 


0 


465 


42% 


4.6 : 1 


40 


Strepta/nyces 

^alsted. <'F7 


25°C 


887 


C 








Strepcojnyces 


25°C 


1114 


0 








haisted. /K28 












45 


.Saccpoiysp . 
hirsuta 
ATCC 


25°C 


180 


532 


48% 


9.4: 1 


50 


205C1 /F^ 
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70 



20 



30 



Saccpolysp. 
hirsuta ATCC 
20501/K28 


25°C 


73 


511 


4 6% 


9.2 : 1 


F7 blank: 


25°C 


1281 


0 






K28 blank 


25°C 


1208 


0 


- 


- 


S&cch&z~osnon . 
viridis/Fl 


28°C 


1213 


0 






Saccharomon . 
vi ri dx s /K2 8 


28°C 


1147 


0 


- 


- 


Saccharopoly . 
/uraucj 

ATCC 
27875/F7 


28°C 


515 


92 


8% 


1.6 ; 1 


Saccharopoiy . 
hirsutj 

ATCC 27875/K28 


28°C 


410 


194 


18% 


2.0 : 1 


S&ccharopoly. 
h-irsuc* 
ATCC 

20501/r7 


28°C 


35 


565 


51% 


12-8 : 1 


S*cc/)Aropoly 
hirmuz* 

ATCC 205C1/K2B 


28*C 


44 


520 


47% 


8.7 : 1 



EXAMPLE 6 

Eight ATCC Mucorales fungi and one Staurophoma sp. ATCC 14238 were inoculated from well-grown 
slants into germmator flasKS of medium F4 (100 mi F4'500 ml flasks) and placed on a slow shaker (about 
4b 200 rpm) at 25 ' C The eight Mucorales fungi were Absidia ramosa (ATCC 11613), Circineila muscae ■ 
(ATCC 16008), Cunninghamella echmulata var echmulata (ATCC 36190), Cunninghamella echninuiata 
van eiegans (ATCC 8688A) Gilbertelfa persicana (ATCC 38591), Rhizomucor miehei (ATCC 26912). 
Rhizopus oiigosporus [ATCC 22959) and Rhizopus stoioniter (ATCC 14037) 

After 72 hours of shaKing the growth in all tne germinator flasks looked good except for the C. 
so echinulata var. echmulata broth which was one large soiid fungal mass. This was discarded Hie seven 
remaining Mucorales flasks and the one Staurophoma flask, were each used to inoculate byconversion 
flasks (containing 50 mi medium per 250 ml flasks) o ; medium F7 anc of medium K28 2 ml of tnocuium 
were used per flask. Ai; flasKS were placea on a regular soeec (aoout 280 rpm) shaker at 25 *C. 

Afte r 24 hours, all flasks received 500 ag ml dcse of compacts,, including two unmoculated tiasks. one 
— r^ach of media F ~ and K28 A:! flasks w^e returnee tc tne sr.aker a* 280 rem anc! 25 * C 

Afte r an additional 2^ hou's. all ; lasKS -eeeived a seconc 500 ug mi dose of compacur, anc weie tner 
returnee :c tne snaker. 
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Forty-eight hours later, samples of 1 5 to 20 ml were taker frorr, each flasK anc assayed. The results 
were as follows: 

Gilbertelfa perstcaria F7 - compactin 621 ug/g; pravastatin 274 ug,g; pravastatin;by-products ratio 
2.3:1; and 

5 K28 - compactin 822 ug/g: pravastatin 54 ugg; oravastatin:by-produc:s ratio 3.4:1. 

Two of the other cultures snowed, at best, trace levels of pravastatin \Absidia and Rhizopus 
Oligosporus) All the others were negative for oravastatin. 

EXAMPLE 7 

Saccharopofyspora hirsuta suDspecies koDensis {ATCC 20501) inocula that were two days, three 
Gays and lour days old in F4 medium (100 m, F4 medium per 500 ml flask, each inoculated with a frozen 
vial) were used to inoculate bioconversion flasks of medium K28 (50 ml K28 per 250 ml flask). Three flasks 
of medium K28 were mocuiatec from each germmator flask, using 5 ml of inoculum In addition, inoculum 
it from the three day olc germmator flask was used tc inoculate K28 medium flasks in triplicate with different 
volumes of inoculum. Specifically, 0.25 ml, 1.0 ml, 2.5 ml, 7.5 ml and 10 ml volumes were used. All flasks 
were placed on a snaker at approximately 280 rpm, and 26 *C. 

After 24 hours, a 500 ug/ml dose of compactin sodium salt was added to each flask. 

After an additional 24 hours, 1,000 ug/ml compactin sodium salt dose was added to each flask. 
20 Forty-eight hours later, 25 flasks were harvested and sent for assay. The results are as follows: 



Age of Inoculum 


Vol. and % Inoculum 


Compactin ug/g (Av. of 3) 


Pravastatin ug/g 
(Av of 3) 


Conversion 












48 hours 


5 ml (10%) 


Trace 


597 


40% 


72 hours 


0.25 ml (0.5 %) 


1084 


138 


9% 


72 hours 


1 ml i'2%) 


901 


211 


14% 


72 hours 


2.5 ml (5%) 


224' 


692 


46% 


72 hours 


5 ml (10%) 


Trace" 


676" 


45% 


72 hours 


7.5 ml (15%) 


10 


609 


41 % 


72 hours 


10 ml (20%) 


Trace 


694 


46% 


96 hours 


5 ml (10%) 


Trace 


700 


47% 


nc inoculum 




1201 


0 





* Result of averaging one fiask with 672 ug^g compactin with two flasks showing trace amounts 
** Average of two flasks: the possibly contaminated third flask was disregarded 
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Claims 

1. A method for trie preparation ot a compound of the formula I: 




CH 3 



(I) 



its partially or completely hydrogenated analog or a salt thereof, wherein 
R is alkyl or aryl; 
2 is the open chain moiety 



CH COOR 2 



30 



CH 2 ^OH 



35 or 



the lactone 




-I 



CH, 



/ 



and 



R : is hydrogen, alky! ammonium, alkyl-ammonium or alkali metai; 
comprising tne step of contacting a comoound of the formula II: 



21 




a partially or completely hydrogenatec analog or a salt thereof, wnerem R. Z and R : are as defined for 
^5 formula I, with a microorganism, or with an en2yrne derived from, or having the structure of an enzyme 

derived from, said microorganism, which is capable of catalyzing the hydroxylation of said compound of 
the formula II or salt thereof to yield said compound of the formula I or salt thereof, and effecting said 
hydroxylation; 

where said microorganism is selected from the genera Nocardia. Amycolata, Saccharopoiyspora, 
20 Streptomyces. Amycolatopsis. Saccharothrix or Gilbert el la, provided that when the compound of 
formula II is compactin, the microorganism is not Amycolata. Nocardia or Streptomyces. 

2. The methoc of claim 1, wherein Z is said open chain moiety. 

25 3. The method of claim 2, wherein R is alkyl. 

4. The method of claim 1, wherein a compound having the following formula: 




or a partially or completely hydrogenated analog, or an alkali metal salt thereof, is preoared. 

50 

5. The metnoc of claim 1, wnerein the compound of formula II is contacted with a microorganism. 

6. The method of c:aim 5. wherein said microorganism is Amycolata autotrophics ATCC 35204. 
Streptomyces californicus ATCC 15436. Amycolatopsis mediterranei ATCC 2i4ii. Saccharothrix 
ausrraier.sis A~CC 3149". Gilbertelia persicaria ATCC 38591. SaccharopctysDora hirsuta ATCC 
Z78~5 Saccnaropoiyspora mrsuta ATCC 2~8^G Saccharopoiyspora hirsura ATCC 20501 o-- Sac- 
charopolyspora erythraea A"C 11 635. 
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7. The methoc of claim 6 wherein said microorganism is Amycolata autotrophics ATCC 35204 or 
Saccharopoiyspora hirsuta ATCC 20501 . 

8. The method of claim l, wherein the compounc of formula li is dissolved in water or an alcohol berore it 
5 is contacted with a microorganism or with an enzyme. 

9. The method of claim 1 , wherein the step of contacting a compound of the formula II with a 
microorganism or with an enzyme is conducted in an aqueous medium. 

70 10. The method of claim 9. wnerein about 0.5 to about 3 mg of a compouna of the formula II is containec 
in each ml of aqueous medium. 

11. The method of claim 9, wherein the pH of the aqueous medium is between about 6.0 and about 7.5. 

75 12. The method of claim 9, wherein the temperature of the aqueous medium is between about 27 and 
40 *C. 

13. The method of claim 12, wherein the temperature of the aqueous medium is between about 28 and 
34 -C. 

20 

14. The method of claim 1, wherein the step of contacting a compound of the formula II with a 
microorganism or with an enzyme continues for between about 2.5 and about 72 hours. 

15. The method of claim 1, wherein Z is the lactone. 

25 

16. The method of claim 15, wherein the compound of the formula II is hydrolyzec before it is contacted 
with a microorganism or with an enzyme. 

17. The method of claim 1, wherein said compound of the formula I is employed in the preparation of an 
30 HMG-CoA reductase inhibitor. 

18. A method for the preparation of an HMG-CoA reductase inhibitor, comprising the step of hydroxylating 
a compound of the formula II, or salt thereof, according to the method of claim 1 to yield a compound 
of the formula Lor salt thereof. 

35 

19. Use of a compound, prepared according to the method of claim 1, for manufacturing a medicament for 
lowering or maintaining plasma cholesterol levels in a mammalian subject. 

20. Use of a compound, prepared according to the method of Claim 1, effective for treating atherosclerosis. 
40 for manufacturing a medicament treating atherosclerosis in a mammalian subject. 
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